When performing tasks, humans are thought to adopt task sets that configure moment-to-moment data processing. Recently developed mixed blocked/eventrelated designs allow task set-related signals to be extracted in fMRI experiments, including activity related to cues that signal the beginning of a task block, ''set-maintenance'' activity sustained for the duration of a task block, and event-related signals for different trial types. Data were conjointly analyzed from mixed design experiments using ten different tasks and 183 subjects. Dorsal anterior cingulate cortex/medial superior frontal cortex (dACC/msFC) and bilateral anterior insula/frontal operculum (aI/fO) showed reliable start-cue and sustained activations across all or nearly all tasks. These regions also carried the most reliable error-related signals in a subset of tasks, suggesting that the regions form a ''core'' task-set system. Prefrontal regions commonly related to task control carried task-set signals in a smaller subset of tasks and lacked convergence across signal types.
Introduction
When specified task demands are present, moment-tomoment processing pathways for sensory inputs, cognitive categorizations and motor outputs must be configured (Meiran, 1996) . To perform a specific task, humans are thought to enter a task-dependent cognitive state, mode, or set that is maintained for the duration of the task (Logan and Gordon, 2001 ; Figure 1A) . Models of task set postulate executive processes that select and modulate downstream moment-to-moment processes relevant to the specific task at hand (Baddeley, 1996; Desimone and Duncan, 1995; Logan and Gordon, 2001; Meyer and Kieras, 1997; Miller and Cohen, 2001; Norman and Shallice, 1986; Schneider and Shiffrin, 1977; Shiffrin and Schneider, 1977) .
Behaviorally task-level control has been addressed in several different ways, including dual task, task switching, and task context effects on processing. It is not surprising then that these paradigms have been the major way that task control has been addressed in the imaging literature as well. For example, task-switching paradigms designed to identify activation differences between repeat and switch trials have served as a valuable tool for the study of task-set processes (Sohn et al., 2000; Yeung et al., 2006 ) Important previous single-unit and neuroimaging studies of executive systems have also measured activity during the delay between a cue and the following stimulus at the trial level Saito et al., 2005; Sakai and Passingham, 2003) . Nonetheless, in many cases, these studies provide indirect measures of task set-related activity.
The advent of mixed blocked/event-related fMRI (Donaldson, 2004; Donaldson et al., 2001; Visscher et al., 2003; Wenger et al., 2004) designs, first described by Chawla et al., (1999) allow the direct and separate extraction of three types of task set-related signals: (1) signals tied to the start of a specific task condition, which should be, at least in part, related to the instantiation of task parameters; (2) activity sustained at a constant level across the task period, some of which likely reflects task set maintenance; and (3) error-related feedback activity (Figures 1B and 1C) , to monitor processing and encourage adjustment of top-down signals. The use of mixed blocked/event-related designs is crucial for our enquiries into the nature of task-set processes, because of the need to disambiguate sustained (set-maintenance) signals and stimulus bound or trial-related signals. This requires the jittered presentation of trials under a particular task set so that the enduring set-related signals and transient start-cue and trial-related signals are not confounded and can be estimated separately.
In dual-task situations, when subjects must simultaneously instantiate and maintain two different task sets, performance often worsens (Pashler, 1994) . Therefore, some task-set processes may constitute a core resource of limited capacity that is shared across different complex tasks (Broadbent, 1982; Posner and Snyder, 1975) . The present study is directed at this possibility by measuring potential ''top-down'' signals consistent across a large number of tasks (Duncan and Owen, 2000) in order to directly identify these core, or ''central processing resources.'' Our analyses test the hypothesis that a limited set of brain regions will show each of the three types of task set-related signals described above across a wide range of tasks. Such regions would form a core task-set system that is anatomically separate from domain-specific task-set functions and the brain's data-processing systems (Posner and Petersen, 1990) . Data from 183 subjects and ten different task conditions were included in this cross-studies analysis. The included tasks used a mix of visual and auditory inputs, spoken and button-press responses, and several kinds of stimuli, such as pictures, words, abstract symbols, letters, Gabor patches, and tones (Table 1) . For taskset instantiation and maintenance signals, data from all subjects and tasks were used; only two of the ten task conditions provided enough errors for the study of error-related signals.
Results
Two complementary analyses were performed on the start-cue and sustained signals (see Experimental Procedures). A conjunction analysis was used to map the number of task conditions during which any given voxel was significantly activated. We chose to supplement our conjunction analysis with a fixed-effects analysis in which the statistical reliability of signals in each condition contributed to the overall statistical strength of the final map to show that the same areas that were activated strongly, on average over tasks, were also activated consistently. The conjunction analysis required that all the task-related effects survive a statistical criterion. The fixed-effects analysis provides a measure of statistical strength of effect across studies, making it amenable to standard region of interest (ROI) definition procedures. The fixed-effects map could potentially be dominated by only a few of the task conditions; therefore, the fixed-effects statistical map needed to show strong similarity to the conjunction map. Strong overlap between the conjunction and fixed-effects analyses would also indicate that the obtained results are robust to differences in the analysis stream. Figure 2A maps the number of task conditions for which start cue-related activity passed the statistical threshold Figure 1 . Task Set-Related Signals (A) In response to the task instructions, a task-set system should instantiate and maintain task sets that aid in the configuration of downstream moment-to-moment processes. Such a task-set system should also receive ''bottom-up'' feedback about ongoing performance. (B) Only the mixed blocked/event-related fMRI design allows the separate extraction of three different types of task set-related signals. Activity time-locked to the start of a task block (yellow) is likely important for the instantiation of task sets. To ensure continued performance success, task sets should be sustained for the length of the task period (red). Error-related signals (blue) can provide performance feedback to the task-set system. (C) The adjusted activity (left) remaining after the extraction of trial-related activity (right) closely resembles our model of cue-related and sustained activity. The start cue occurred on the first MR frame (time to repeat [TR] of EPI BOLD acquisition), the stop cue appeared on MR frame 35. MR frames 36 to 50 were fixation-only baseline.
Start-Cue Activity
at each voxel. Several regions showed start-cue activity across many tasks. Figure 2B is a fixed-effects map of the main effect of time for start-cue activity at a voxel. This statistical map highlights very similar regions as the conjunction map (compare to Figure 2A ), making it highly unlikely that the observed effects were driven by only a few of the conditions. A region on the border of the dorsal anterior cingulate/medial superior frontal cortex (dACC/msFC) showed start-cue activity for all task conditions ( Table 2) . The left and right anterior insula/ frontal operculum (aI/fO) contained voxels that showed start cue-related activity for nine of ten conditions. The right temporoparietal junction (TPJ) contained a few voxels with significant start-cue activity in all ten tasks. Voxels in the intraparietal sulcus (IPS) bilaterally, right lateral frontal cortex, left and right extrastriate visual cortex, left and right fusiform cortex, and the precuneus all showed start-cue activity in nine of ten tasks. Anterior prefrontal cortex (aPFC) showed start-cue activity in six of ten tasks on the left and seven of ten tasks on the right.
Separate analysis of the statistical maps for each of the individual studies demonstrated the cross-study activations not to be artifacts of averaging across groups of subjects, because each of the subject groups showed very similar patterns of joint activity (Duncan and Owen, 2000) . To describe regional start-cue signals, we identified the top 15 most reliably activated ROI from the fixed-effects statistical map ( Figure 2C ; Table 2 ; see Experimental Procedures) and plotted the responses averaged over voxels within these regions. Figure 3 shows time courses of start cue-related activity for ten tasks in representative regions of interest. The dACC/msFC and aI/fO are explored separately in a later section. The right TPJ 247, 16) , right frontal cortex (41, 3, 36) and left IPS (231, 259, 42) showed significant time courses of start-cue activity for all ten tasks (Talairach and Tournoux, 1988) . For several of the task conditions in each of these regions, blood oxygenation level-dependent (BOLD) activity does not return to baseline by the seventh time point, because transient start-cue activity ''transitions onto'' positive sustained activity (also see Figure 1C ).
Sustained Activity
Brain regions with significant sustained activity across many different tasks may be generally important for task-set maintenance. Figure 4A shows the number of conditions for which sustained activity was significant at any given voxel (see Experimental Procedures). Both the dACC/msFC and bilateral aI/fO contained some voxels with significant positive sustained activity in eight of ten task conditions, as did the left inferior parietal lobule (IPL) and right middle temporal cortex. The fixedeffects statistical map for sustained activity ( Figure 4B ) again showed great similarity to the conjunction map. Several regions showed positive sustained activity in seven tasks, among them right IPL and left middle temporal cortex. Right aPFC showed positive sustained activity in up to six tasks, while left aPFC carried sustained signals in four tasks. Several regions consistently showed negative sustained activity, decreased below baseline, across tasks. The vmPFC showed the most reliable negative sustained activity. Extrastriate visual cortex and the precuneus also carried negative sustained activity, but less consistently so. From the fixed-effects statistical map, we derived the top 15 ROI for sustained activity ( Figure 4C ; Table 3 ) and plotted the responses averaged over voxels within these regions. Figure 5 shows the profiles of sustained activity across ten tasks in three representative ROI. A region in left parietal cortex (251, 251, 36) showed positive sustained activity for all ten tasks, but interestingly the activity was only individually statistically significant (p < 0.05) for the six task conditions in which subjects responded by pressing a button instead of speaking. Regionwise, negative sustained activity in vmPFC (1, 31, 22) reached statistical significance in nine of ten tasks.
Error-Related Activity
Brain regions forming part of a core task-set system likely also receive trial-by-trial performance feedback, such as error feedback. Data for two of the ten task conditions (#8, #10; same subjects) contained sufficient errors to perform an error analysis (see Experimental Procedures). Figure 6A shows brain regions with significant differences between correct and error trials. The most reliable error-related activity was found in the dACC/msFC and bilateral aI/fO, followed by bilateral cerebellar regions and left and right aPFC, right dlPFC, and right IPL. The top 13 ROI were derived from the ANOVA map for error-related activity ( Figure 6B ; Table 4 ), and the responses were averaged over the voxels within these regions.
In Figure 6C , correct and error time courses from three regions, other than the dACC/msFC and aI/fO, are displayed. The regions in right dlPFC (43, 22, 34) , right aPFC (27, 50, 23) , and the left cerebellum (232, 265, 229) all showed greater trial-related activity for the error trials than for the correct trials, as did all other errorrelated regions of interest.
Conjunction of Start-Cue, Sustained, and Error-Related Activity One reasonable configuration of a task-set system (Figure 1A) would have regions carrying out core executive functions for the configuration of task sets active during both the instantiation and maintenance of task sets, while also receiving performance feedback. Hence, to identify core regions of such a putative human task-set system, we conjoined the regions of interest for startcue, sustained, and error-related activity. Figure 7A shows the overlap of thresholded statistical maps for start-cue, sustained, and error-related activations. Only three regions of the brain, dACC/msFC (21, 10, 46), left aI/fO (235, 14, 5) , and right aI/fO (36, 16, 4) , met the statistical thresholds set for all three types of potentially task set-related activity ( Figure 7B ; Table 5 ). Bilateral aPFC (R-27, 50, 23; L-228, 51, 15) also showed three task-set signal types, but for a smaller subset of tasks, and hence did not meet criterion for core task-set regions.
The start-cue regions in right TPJ, left and right IPS, right frontal cortex, and the precuneus did not overlap with sustained or error-related regions. Regions of positive sustained activity in bilateral middle temporal cortex and left IPL also showed no overlap with other types of task-set signals. Figure 7B shows the startcue, sustained, and error-related activity profiles for the regions of interest in the dACC/msFC and bilateral aI/fO defined by the conjunction of different types of task-set signals. While some may think that other effects Neuronsuch as ''arousal'' could also account for sustained signals, the convergence across three different task-set signals makes such alternative explanations unlikely.
Discussion
Posner and Petersen (1990) proposed several defining criteria for attentional control systems in the brain. According to their article, the human brain's attentional systems should (1) be anatomically separate from the brain's data-processing (e.g., sensory, motor) systems and (2) consist of a network of functionally diverse regions. Posner and Petersen's article and subsequent refinements of these ideas outlined postulated attentional networks related to orienting, maintenance of vigilance, and higher-order ''executive'' or organizational processes. The present study is focused on a subset of the executive functions, those related to task-level organization or task-set implementation.
This study utilized a design that allowed direct visualization of signals related to the onset of a task, signals that were maintained across the trials of a task, and trial-related activity that was affected by correct versus incorrect performance. Important previous studies of task set-related processes used other means to identify task set-related signals. In one such study, extended activity was demonstrated in aPFC during the delay between cue and target (Sakai and Passingham, 2003) . Using a direct method, we also found aPFC activity, but only in a limited number of tasks, so it is unlikely that this aPFC activity is related to domain-general core task-set functions.
In terms of Posner and Petersen, a task-set system should recursively maintain the attributes of attentional systems as a whole: anatomical separation from dataprocessing systems with multiple component regions that make different functional contributions. To relate the results described above to these concepts, we will argue five main points: (1) the dACC/msFC and aI/fO form the core of a human task-set system. They appear to carry out functions most central to the implementation of task sets. dACC/msFC and aI/fO Form ''Core'' of the Human Task-Set System The dACC/msFC and bilateral aI/fO were set apart from other brain regions, in that they carried start-cue and Start cue-related activity in representative regions (responses averaged across voxels). Percent BOLD signal change displayed on y axis; MR frames (TR) displayed on x axis. Since the TR differed from 2.5 s for two of the conditions (see Table 6 ) the hemodynamic responses (finite impulse responses) may not be directly comparable.
sustained activity across most of the tasks included in our analysis. Moreover, for a subset of tasks the dACC/ msFC and bilateral aI/fO carried the most reliable errorfeedback activity. Much of the current literature about higher-order task-set control processes has been focused on the dACC/msFC, dlPFC, and aPFC (Botvinick et al., 2004; Braver et al., 2003; Rushworth et al., 2004; Sakai and Passingham, 2003) . Based on our mixed blocked/event-related data from ten different tasks, the bilateral aI/fO should be included in future discussions of the human task-set system (Figure 8 ).
It was previously suggested that the dACC/msFC may form part of an attention or executive control system (Dehaene et al., 2003; Pardo et al., 1990; Posner and Dehaene, 1994) . Our current notion that the dACC/msFC forms part of the task-set system's core is congruent with the finding that dACC/msFC lesions can lead to difficulties initiating complex voluntary movements and actions (Barris and Schuman, 1953; Cohen et al., 1999; Rushworth et al., 2003; Williams et al., 2004) . It stands to reason that impairments of task-set instantiation and maintenance might lead to paucity of complex Neuronvoluntary action. Circumscribed surgical ablations of the dACC acutely cause severe impairments in task setrelated processes, such as changing movement direction in response to a cue (Williams et al., 2004) . Over time however, cingulotomy patients usually recover most of these functions (Dougherty et al., 2002) .
It has been argued that the dACC/msFC functions as a conflict or, in the expanded version of this argument, feedback monitor (Botvinick et al., 2004; Miller and Cohen, 2001) . This is consistent with our observations and prior studies, which demonstrated that the dACC/ msFC responds to errors, conflict, and a variety of other types of performance feedback in a trial-related manner (Badre and Wagner, 2004; Botvinick et al., 1999; Brown and Braver, 2005; Buchel et al., 1998; Bush et al., 2002; Carter et al., 2000; Eisenberger et al., 2003; Gehring and Willoughby, 2002; Holroyd et al., 2004; Kerns et al., 2004; van Schie et al., 2004; Williams et al., 2004 ). Yet, it has also been claimed that the dACC/ msFC plays no role in the top-down implementation of executive control .
Our observations appear to be inconsistent with such a limited role for the dACC/msFC. Our study demonstrates that the dACC/msFC commonly carries startcue and sustained maintenance signals, making it unlikely that it functions as a pure monitoring device. Other neuroimaging studies lend support to our claim that processing in the dACC/msFC goes beyond a simple monitoring role (Bush et al., 1999; Fan et al., 2005; Pardo et al., 1991; Weissman et al., 2005) . Weissmann et al. (2005) , for example, recently demonstrated increased dACC/msFC activity in response to cues signaling a more difficult, control-requiring task. They interpreted their finding as evidence for the dACC/msFC's role in directing attention toward task-relevant stimuli. Rushworth et al. (2004) have gathered evidence that the dACC/msFC may be important for maintaining associations between actions and their outcomes and the implementation of action sets.
The importance of the bilateral aI/fO for higher-order processes has often been ignored, despite the fact that it commonly is found in published tables of active regions (Crone et al., 2005; Egner and Hirsch, 2005; Fan et al., 2005; Yeung et al., 2006) . Other neuroimaging studies investigating different types of higher-order processes have previously shown the dACC/msFC and aI/fO to be coactivated. For example, one event-related fMRI study showed that the dACC/msFC and aI/fO both process negative emotional feedback (Buchel et al., 1998 ). An fMRI study by Fan and Posner described a candidate executive attention network that included, among others, dACC/msFC and a left opercular region (234, 20, 5) very near the region derived in our analysis (left aI/fO-235, 14, 5; Fan et al., 2005) . A study of patients with rare isolated insular infarcts showed that they often suffer from subjective anergia and underactivity, similar to patients with circumscribed dACC lesions (Manes et al., 1999) .
As mentioned above, with time cingulotomy patients often recover most ''executive functions'' (Dougherty activity. In contrast to the dACC/msFC and aI/fO, however, start-cue and sustained activity in the aPFC were limited to a smaller subset of tasks, indicating that task-set processes in aPFC may be specific to certain types of tasks. Consistent with this idea, Braver et al. (2003) showed that right aPFC only carried significant positive sustained activity when subjects switched between two semantic classification tasks, but not when subjects performed a single task per block. Sakai and Passingham (2003) measured activity during the delay between cue and trial for different versions of a working memory task that used letters as stimuli. 
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They found extended pretrial activity in right aPFC. Thus, one hypothesis might be that task-set processes in aPFC are only recruited for tasks that pose high demands on working memory, such as within block task-switching. At this point, further research appears necessary to precisely identify the processing dimensions controlled by aPFC, although several important postulates have been forwarded (Duncan, 2001;  Koechlin et al., 1999 Koechlin et al., , 2003 Konishi et al., 2005; Ramnani and Owen, 2004) . So how does the dlPFC fit into the task-set system (Figure 8) ? If dlPFC plays a central role in the topdown implementation of task-level control, one would expect it to show sustained and start-cue activity across a variety of tasks. Yet, across the ten tasks included in this analysis, dlPFC did not show consistent start-cue or sustained activity. Instead, we documented errorrelated signals in the dlPFC (43, 22, 34) , indicating a potential role in the processing of, and top-down response to, feedback signals ( Figure 6 ). Distinct from patients with massive bilateral midline lesions, patients with dorsolateral prefrontal lesions often show no impairments in the implementation of more basic goaldirected task sets (Luria, 1980) . The imaging studies that have argued for the dlPFC as the major source of top-down control signals were directed at trial-based control effects . The data we present here do not exclude the possibility that dlPFC helps adjust task parameter settings on a trial-by-trial basis.
Start-Cue Activity Might Play Different Roles when Entering a Task State
Several regions in parietal and frontal cortex were set apart from the core regions (dACC/msFC, aI/fO), in that they showed start-cue activity but lacked sustained and error-related activity across tasks. Bilateral regions in the IPS 261, 39; 259, 42) were active during the instantiation of task sets across a variety of tasks. Corbetta and Shulman (2002) have postulated that the left and right IPS are part of a dorsal frontoparietal network that controls the top-down distribution of visual attention. They contend that the left and right IPS are involved in the generation of attentional sets, or goal-directed stimulus-response mappings. Our findings support this notion. The left and right IPS might help load, transmit, or instantiate the required task-set parameters at the beginning of each task period. Corbetta and Shulman (2002) also proposed that the IPS might be important for the application of those sets during stimulus processing. Yet, the lack of sustained signals in the IPS suggests that it is recruited only transiently during the loading and instantiation of task parameters.
The right TPJ (53, 246, 17) and right lateral frontal cortex (41, 3, 36) also showed reliable start-cue activity across tasks, while lacking consistent sustained and error-related activity. This result is also in agreement with Corbetta and Shulman (2002) , who have argued that the right TPJ and right lateral frontal cortex form a ventral frontoparietal network important for stimulus-driven bottom-up shifts of attention.
A straightforward explanation for the start-cue activity in fusiform cortex and extrastriate visual regions is that this activity relates to processing the visual attributes of the start-cue, since the start of a task period was always cued by a color change of the fixation cross.
Overall, our findings fit very well with the model proposed by Corbetta and Shulman (2002) . An important novel observation is that the regions ascribed to both the dorsal and ventral attentional networks do not seem to play a prominent role in task-set maintenance or error-feedback processing. Hypothetical task-set system consistent with the observed experimental results. Other frameworks may also be consistent. Colors are as in Figure 1B , instantiation signals in yellow, maintenance in red, and feedback in blue. * The same subjects performed tasks #1 and #5; **the same subjects performed tasks #8 and #10.
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Feedback It has been argued that the processing of performance feedback should be a hallmark feature of any task-set system (Miller and Cohen, 2001) . The most reliable errorfeedback signals were found in dACC/msFC and aI/fO (Table 4) . Right dlPFC showed error-related activity (43, 22, 34) , as did bilateral cerebellar regions (L-232, 265, 229; R-31, 261, 229) . The finding of error-related activity in cerebellar regions was not surprising since previous studies had underlined the importance of the cerebellum in processing error codes (Fiez, 1996; Fiez et al., 1992) .
vmPFC Supports the Brain's Default State Parts of vmPFC were significantly deactivated in sustained fashion in all of the tasks included in the crossstudies analysis (Figures 4A and 4B ). It has been proposed that the human brain enters a default processing mode when not confronted with external task demands Raichle et al., 2001 ). Therefore, the task-independent negative sustained activity we observed in vmPFC could be caused by the suspension of default processes for the duration of each task period. In addition to confirming findings from previous metaanalyses of PET data (Shulman et al., 1997a (Shulman et al., , 1997b , our analysis of mixed blocked/event-related fMRI data showed that a large portion of the negative activity in vmPFC is not time locked to individual trials, but seemingly sustained for the length of a task period.
Basic Alternative Processing Modes
Across tasks, negative sustained activity in vmPFC coincided with positive sustained activity in the dACC/ msFC and bilateral aI/fO (Figure 4) . Hence, we hypothesize, similar to others that the human brain may exist in two alternative basic processing modes, a ''default mode,'' in part supported by vmPFC, and a goaldirected ''task mode.'' We believe that the brain's basic goal-directed task mode is supported in part by core regions of the task-set system. This basic ''task'' mode still needs to be better characterized. In the end, we may discover that the brain enters the performance mode supported by the dACC/msFC and aI/fO during resource-limited tasks, but not data-limited tasks (Norman and Bobrow, 1975) . Only one of the tasks included in our cross-studies analysis (#8) was data limited in the sense that it was very difficult to perceive differences between the stimuli (Gabor patches), but the operation performed on the stimuli was simple (same/different). This was also the task for which the overall profile of task set activity differed the most from all other tasks (see Figure 7B , middle panels). The basic ''task'' mode may potentially be biased toward processes broadly related to linguistics, since seven of the tasks selected for the cross-studies analysis included different ''linguistic'' components such as orthography, semantics, syntax, and phonology. We believe this is unlikely because two tasks (#5 and #9) that were devoid of apparent linguistic processes showed reliable start-cue and sustained activity in the dACC/msFC and bilateral aI/fO. Consistent with our ideas, a recent functional connectivity study by Fox et al. (2005b) suggests the human brain to be organized into widespread anticorrelated functional networks. The study by Fox et al. (2005b) showed spontaneous BOLD signal fluctuations in the dACC/msFC and bilateral aI/fO to be anticorrelated with those in vmPFC, while spontaneous fluctuations in the dACC/msFC and bilateral aI/fO were positively correlated with each other.
Conclusion
It is clear that across a wide range of conditions the mixed blocked/event-related design can be used to extract separate transient signals related to the start of a task and the individual trials of tasks, as well as sustained activity that endures across task trials. These different signals have overlapping but separate anatomical distributions that imply diverse functional roles. Finally, the dACC/msFC and bilateral aI/fO make up a limited set of regions with strong overlap between signal types across tasks, indicating an important general role for these regions in the implementation of goal-directed task sets.
Experimental Procedures
Task Conditions Included in the Cross-Studies Analysis Data from a total of eight different mixed blocked/event-related experiments, using ten different tasks conducted on 183 human subjects at Washington University, were included in this analysis ( Table 6 ). All of the experimental subjects were normal adults between 18 and 35 years of age. All of the studies included data from at least 17 subjects. All data were collected on the same Siemens MAGNETOM Vision 1.5 Tesla scanner (Erlangen, Germany). For all 45  40  41  35  120  35  2  2  2  3  1  3  16  10, 17, 13  25  15  24  15  3  3  3  4  2  4  500  1300  500  300  2625  varied ten task conditions, a color change of the fixation cross from white to red or green signaled the beginning and end of task blocks. Important prior task-set experiments used visually presented words and letters as stimuli while subjects indicated their responses using a button-press (Braver et al., 2003; MacDonald et al., 2000; Sakai and Passingham, 2003; Weissman et al., 2005) . We tried to broaden the task demands by including auditory stimuli, as well as images, nonwords, and abstract letter-like symbols. To control for outputspecific responses, we used four tasks in which subjects indicated their responses by speaking aloud instead of pressing a button.
To control for input-specific responses, two of the tasks used only auditory stimuli. Subjects were asked to perform a variety of intermediate operations, such as different semantic classifications, visual classifications, timing, naming, visual search, and reading.
Image Acquisitions
All images were acquired in adherence to the same standard protocol. To help stabilize head position, each subject was fitted with a thermoplastic mask fastened to holders on the head coil. All images were obtained with a Siemens MAGNETOM Vision 1.5 Tesla scanner (Erlangen, Germany). A T1-weighted sagittal MPRAGE structural image was obtained (TE = 4 ms; MR frame = 9.7 ms; TI = 300 ms; flip angle = 12º; 128 slices with 1.25 3 1 3 1 mm voxels; Mugler and Brookeman, 1990) . Functional imaging was performed using a BOLD contrast-sensitive asymmetric spin-echo echo-planar sequence (T2* evolution time = 50 ms; a = 90º, in-plane resolution 3.75 3 3.75 mm). Whole-brain EPI acquisitions (MR frames) of 16 contiguous, 8 mm thick axial slices were obtained parallel to the anterior commissure-posterior commissure plane.
Preprocessing of Raw MR Data
The same preprocessing stream was used for all the studies included in the analysis. Initial data processing to remove noise and artifacts was carried out using a series of automated steps. First, a slice-by-slice normalization corrected for changes in signal intensity introduced by the acquisition of interleaved slices. Next, rigidbody translation and rotation (Snyder, 1996) was applied to every MR frame in order to realign images within and across scans. A three-dimensional cubic spline interpolation (Friston et al., 1994) was used to minimize artifacts. Finally, to allow across scan comparisons, the mode voxel value was normalized to 1000.
Analysis Using the General Linear Model BOLD activity related to the trials, cues, and task periods were modeled using the general linear model (GLM). Additionally, baseline and trend-effect terms for each BOLD run were included in the GLM. Effects were coded according to the same principles for all task conditions. Sustained set maintenance-related activity during trial performance was modeled with a square wave, starting seven scans after the beginning of each task epoch and terminating at the end. In addition, three sorts of event-related activity were modeled using a stick function at the beginning of each event and for the subsequent six scans. This is equivalent to estimating the finite impulse response, evoked by each event and eschews assumptions about the form of the hemodynamic response function (Friston et al., 1994; Josephs et al., 1997; Miezin et al., 2000; Ollinger et al., 2001; Worsley et al., 1995; Zarahn et al., 1997a Zarahn et al., , 1997b . The three events we modeled were the start-cue, the stop-cue, and each trial. In the two conditions (#8, #10) that showed a substantial number of error trials, we modeled correct and error trials separately. As a result, we could summarize the maintenance-related activity with a single parameter and the onset transient with seven parameters. These parameters were taken to a second level for between-subject or random-effect analysis using t tests and f tests, respectively. Individual subject data were transformed into the stereotactic space of Talairach and Tournoux (1988) .
Analysis of Signals
For all task conditions, we performed one-sample t tests comparing sustained activity during the task blocks to activity during the fixation-only control periods. ANOVAs were performed separately on the transient trial-related and start-cue activity. A significant main effect of time (ANOVA) indicated that the hemodynamic response was different from flat across seven TRs.
Conjunction Analyses of Sustained Activity and Start-Cue Activity
Start-cue and sustained activity are different types of neural signals, with great differences in statistical reliability and signal magnitude (Fox et al., 2005a; Konishi et al., 2001; Visscher et al., 2003) . To form a conjunction map of sustained activity, we identified voxels that were significant at a p < 0.05 (uncorrected) in four or more tasks (t statistic). The probability that four or more conditions survived this criterion is (0.05) 4 which is equal to 6.25 3 10 26 , providing more than adequate family-wise error control over the searched brain volume. To create a conjunction map of start-cue activity, voxels significantly active at a p < 0.000001 (uncorrected) in four or more tasks (f-statistic) were identified. The stringent threshold, chosen in relation to the greater overall reliability of start-cue signals was crucial to the generation of a meaningful conjunction map. Over a long series of experiments, we have repeatedly noted that start cue-related activations are incredibly statistically reliable across subjects. Therefore, the most robust start-cue activations, which we were interested in, easily passed the chosen threshold.
Fixed-Effects Analyses of Sustained and Start-Cue Activity
Fixed-effects analyses were performed on the start-cue and sustained activations. Both the sustained T-maps (one-sample t test) and start-cue f maps (ANOVA) were transformed to z score maps using in-house fMRI analysis software (FIDL). To generate fixedeffects maps, the z score maps for all ten conditions were summed and divided by the square root of n (number of conditions = 10). This created fixed-effects statistical maps in which the z score at any given voxel represents the reliability of activation during the ten task conditions entered into the analysis.
Analysis of Error-Related Activity
Only two of the ten task conditions contained enough errors to perform an error analysis (see Table 1 , Visual search #8, Abstract/ concrete #10; performed by the same subjects). A correctness 3 time ANOVA across both conditions (coded into the same GLM) yielded a statistical map highlighting brain regions in which the time courses for error trials was significantly different from the time course for correct trials, over seven time points. The resultant f map was transformed to a z score map ( Figure 6A ) and thresholded at z = 4.09 ( Figure 6B ).
Region of Interest Definition
In order to meaningfully combine three fundamentally different types of neural signals with different statistical reliability, in a conjunction map (Figure 7) , the region definition thresholds had to be set relative to the overall statistical reliability of each signal type. ROI were defined by thresholding the relevant statistical maps and clustering all surface connected voxels that passed threshold into an ROI. The clustering thresholds (start-cue z = 17; sustained z = 4.75; errorrelated z = 4.09) were set specifically to select the top 15 most reliably activated brain regions, in essence normalizing the thresholds. The error-related statistical map only yielded a maximum of 13 ROI at any threshold. Clusters with fewer than 66 surface connected voxels were excluded.
